OBJECTIVE: To examine whether certain sociodemographic, behavioral, and reproductive factors are associated with an increased weight gain in Chinese women. DESIGN: Baseline survey data, including recalled past weight and measured current weight, from an ongoing prospective cohort study conducted in Shanghai, China. SUBJECTS: The analytical sample included 75 039 nonpregnant women aged 40-70 y. MEASUREMENTS: Statistical associations between certain sociodemographic, behavioral, and reproductive factors and weight gain were evaluated using multiple linear and logistic regression models. RESULTS: Weight gain and waist-to-hip ratio (WHR) increased with age among pre-and postmenopausal women before age 55 y. Weight gain declined but WHR continued rising as aging among postmenopausal women over age 55 y. Lower education levels, more parity and earlier age at the first birth, and earlier menarcheal age were associated with a higher long-term weight gain and current body weight. CONCLUSION: Age, education levels, parity, age at the first live birth, and menarcheal age were associated with long-term weight gain in Chinese women. However, these results concerning weight gain are based on recalled past weight and should be interpreted with caution. Further studies are needed to clarify the association of weight gain with lifestyle factors suggested by this study.
Introduction
Obesity in women is associated with cardiovascular diseases, [1] [2] [3] diabetes mellitus, 4, 5 and several common cancers including cancers of the breast, 6 corpus uteri, and ovary. 7, 8 These chronic diseases are the leading causes of death in many populations, including Shanghai, China. During the past decades, the prevalence of obesity has been increasing worldwide and obesity has become a major public health problem. 9 Thus, there has been an increasing interest in investigating risk factors associated with obesity and weight gain over time. It has been reported that certain hereditary factors, 10, 11 energy intake, 12, 13 certain demographic, sociocultural, behavioral, and reproductive factors [13] [14] [15] [16] are associated with obesity and weight gain, yet the findings are far from conclusive. The findings from different studies differ in magnitude and even in direction. For example, in western societies, obesity is most common among those with low socioeconomic status. The opposite was found in developing countries. Differences in study populations, limitations of study designs and sample sizes, and failure of adjusting for potential confounders in data analysis, among others, contributed to the inconsistency of the findings of prior studies. In the current report, we analyzed the baseline survey data of the Shanghai Women's Health Study (SWHS), a cohort study including 75 049 Chinese women aged between 40 and 70 y, to examine the associations of sociodemographic, behavioral, and reproductive factors with weight gain (calculated using recalled weight in early adulthood and at age 50 y), current total body fatness, and the fat distribution.
Methods

Study participants
SWHS is an ongoing prospective cohort study being conducted in urban Shanghai, China. Eligible subjects for the study were women (n ¼ 81 271) who were 40-70 y of age and resided in the seven geographically defined communities in urban Shanghai. These women were approached for the study during the period from March 1997 to May 2000. The baseline surveys, including an in-person interview and a self-administrated questionnaire, were completed for 75 322 women, a participation rate of 72.7%. After excluding 273 women who were later found younger than 40 y or older than 70 y at the baseline surveys, 75 049 women remained for SWHS. Among the 5949 (7.3%) nonparticipants, 2407 (3.0%) women refused to participate, 2073 (2.6%) were absent during the recruitment periods, and 1469 (1.8%) were excluded for miscellaneous reasons, including mental disorders and communication difficulty.
Anthropometric examination
Current weight and height were estimated from the means of two measurements using standard techniques and equipment. Self-reported weight and height at age 20 y for all women and self-reported weight at age 50 y for women who were older than 50 y were obtained through in-person interview. In this study, weight gain is defined as the difference between current weight or weight at age 50 y and the recalled weight at age 20 y. Body mass index (BMI) at the baseline survey was calculated as the weight in kilogram (kg) divided by the square of the height in meters, which measures general body fatness. 9,17 BMI at age 20 y was calculated using recalled weight and recalled height. BMI at age 50 y was calculated using recalled weight and current height measured. Waist circumference was measured at 2 cm below navel and hip circumference was taken at the maximal part of hip. Waist-to-hip ratio (WHR) was calculated to assess central adiposity.
9,17
Menopausal status and reproductive variables Postmenopausal women were defined as women who were in amenorrhea for at least 12 months based on the selfreported information. Reproductive factors included in the analysis were menarche age, number of pregnancies, number of abortion and miscarriage, number of live births, age at the first live birth, breast feeding, intrauterine device use, oral contraceptive or contraceptive shot use, and estrogen use to control for menopausal symptoms.
Other factors
Sociodemographic factors, such as age, education, family income, and occupation and personal health habits (eg ever smoking, ever drinking), and recalled physical activities during the age of 13-19 y were included in the analysis. 20 The cut-points of WHR classification were chosen to get a similar proportion as the prevalence of obesity or overweight. Age is a strong confounder and its effect on the outcome variables of interest is not linear in this analysis. The subject's age and the square of the age were put into the models at the same time to adjust for the curvilinearity. Finally, SAS LOESS 21, 22 was used to graphically show the relation between weight change and age by menopausal status.
Statistical methods
Results
The median (range) of the subjects' age was 50 (40-70) y. Of 75 049 women who completed the baseline survey, 10 women were pregnant at the baseline survey and were excluded from the analysis. As shown in To estimate the adjusted mean weight gain (multiple linear regression models) and adjusted odds ratios of categorized BMI and WHR (multinomial logistic regression models) associated with the demographic, behavioral, and reproductive factors, all these factors were included in the same models for mutual adjustment. Additionally, the weight at age 20 y and women's height were also adjusted for in the analysis of weight gain.
The peak current weight, weight gain, and adjusted weight gain appeared in the group of age 51-55 y. Lower education was associated with a higher weight gain (Table 2) . Family annual income, physical activities during the age 13-19 y, Factors associated with weight gain W Wen et al smoking, and drinking were not strongly associated with weight gain. Later age at menarche and earlier onset of natural menopause were also associated with a lower weight gain. Among natural menopausal women, the later was the age at menopause, the larger was the weight gain. The number of live births was positively associated with weight gain. Among parous women, older age at the first live birth was inversely related to the weight gain, even after adjustment of the number of live birth. The uses of intrauterine device and contraceptive shots were related to a slightly increased weight gain. Figures 1 and 2 were obtained by using local regression with optimal smoothing parameter (0.213 for weight gain and 0.218 for WHR in this case). Among women with age 55 y or under, the weight gain was greater for premenopausal women than that for postmenopausal in each age group and the weight gain rose as age got older in both pre-and postmenopausal women. Among postmenopausal women over age 55 y (28 women over age 55 y who were still menstruating were not included in the graph), the weight gain declined with aging ( Figure 1 ). Figure 2 shows that WHR kept increasing with aging in both pre-and postmenopausal women, and the difference of WHR between pre-and postmenopausal women was not apparent.
Adjusted odds ratios of obesity, overweight, or elevated WHR associated with the demographic, behavioral, and reproductive factors were estimated using multinomial logistic regression models. 19 The women with BMI smaller than 25 or WHR smaller than or equal to 0.83 were used as reference group in respective analysis. Basically, the factors associated with increased/decreased weight gain were also associated with an increased/decreased risk of the obesity, overweight, or elevated WHR with the exception of those shown in Table 3 , in which the older ages at natural menopause were associated only with a decreased risk of WHR40.90 and less physical activities during the age 13-19 y were only associated higher risk of elevated WHR. The associations were found, in general, to be stronger for BMIX30 kg/m 2 or WHR40.90 group than those for 25pBMIo30 kg/m 2 or 0.83oWHRp0.90 group.
Further analysis was performed to examine whether the associations of reproductive factors with weight gain, elevated BMI, and WHR vary across the education levels and menopausal status. No marked variation of the association was found between reproductive factors and weight gain (Table 4) . Similar association pattern was observed for BMI and WHR (data not shown).
Discussion
In this large cohort of Chinese women aged 40-70 y, we found that the mean weight gain since age 20 y was 9.98 kg, and the prevalence of obesity was 5.1% and the prevalence of overweight was 30.0%. These statistics were lower than those of women lived in Western countries. For example, Lahmann et al 16 reported that the mean weight gain since age 20 y was Age and education levels were two demographic factors that were strongly related to body weight. Weight gain increased with age before the age of 55 y in both pre-and postmenopausal women and then declined as aging among postmenopausal women (Figure 1 ). Thus the strongest association of age with weight gain, obesity, or overweight was observed among the women with 51-55 y of age (Table 2) . Cohort effects could be another explanation for the association between age and weight gain. We analyzed the weight gain during the same span of time period (from age 20 to 50 y) among women over age 50 y, finding that the women with younger age had higher weight gain. Comparing women with age 66-70 y, weight gain from age 20 to 50 y and its 95% CI (shown in parentheses, in kg) were 2.6 (2.2-2.9), 1.3 (1.0-1.7), and 0.4 (0.2-0.7) for women with age Factors associated with weight gain W Wen et al Factors associated with weight gain W Wen et al 51, 55, 56-60, and 61-65 y, respectively. Unfortunately, we currently only have baseline survey data that were not enough for us to determine the separate contribution of age and cohort to the weight gain. On the other hand, WHR continued rising as women aging (Figure 2) , indicating an age-related accelerated loss of lean body mass and age-related trend of central adiposity. 24, 25 Estrogen deficiency in older women may play a role in the body composition and redistribution of fat mass related to aging after menopause. 26, 27 Consistent with previous reports, 13, 16 low Figure 1 Relation between age and weight gain, by menopausal status. Factors associated with weight gain W Wen et al education was associated with an increased weight gain, obesity, or overweight, and an elevated WHR. Knowledge of the effect of obesity on health and the resistance to obesity of the well-educated women may motivate them to remain slim. 13 Most, 13, [28] [29] [30] but not all, 31 studies reported that physical activities were related to less body fat and trunk fat. Bell et al 30 observed that Chinese adults who experienced large weight gain were about 2-3 times more likely to engage in light rather than heavy work-related physical activities compared to those whose weight remained stable. In this study, we found that less physical activities during the teens were associated with the higher current WHR, but not strongly associated with the weight gain or current BMI. This finding implied that the physical activities during the teens played a better role in reducing the central adiposity. Since obesity can be a cause related positively or negatively with current physical activities, we choose not to evaluate the association of obesity, and weight gain with current physical activities. Previous studies have presented mixed findings regarding the relation of menarcheal age and body weight, 15, 16, [32] [33] [34] Obtained from multinomial logistic regression models with mutual adjustment of the other factors listed in the table. In addition, BMI at age 20 y was also adjusted for. Obtained from multiple regression models with mutual adjustment of the other factors listed in Table 2 . In addition, BMI at age 20 y and women's height were also adjusted for. The numbers in bold indicate that they are statistically significant at least at 0.05 level.
Factors associated with weight gain W Wen et al with the majority of the studies showing a positive association between early menarcheal age and an increased body weight. 16, [32] [33] [34] In agreement with the most of the studies, we found that the women with later menarcheal age had a lower weight gain and a lower risk of obesity or overweight. Age at menarche has been used as a marker of environmental exposures during childhood. Okasha et al 34 suggested that a falling age at menarche during the first half of the 20th century is related to the nutritional conditions in childhood, which may have a long-term effect on women's body weight.
On the other hand, the alterations of underlying endocrine function related to menarche may also play a role in the development of obesity. 35 Inconsistent relation between weight gain and menopause has been reported. Bjorkelund et al 15 found a higher body weight and fat among premenopausal women than among postmenopausal women. Other researchers have found that menopause was not a strong predictor of weight gain 16, 36, 37 and believed that the increase in body weight accompanying menopause is more related to age than to menopause per se. 38, 39 The inconsistency in previous studies may be partly explained by the different statistical methods used. In the results reported by Bjorkelund et al, 15 the authors did not adjust for the strong confounding effect of age. Our results have shown that after adjustment of age and other covariates, the natural menopausal women had a lower weight gain than the premenopausal women and among the natural menopausal women the later age at menopause was associated with a higher weight gain in spite of higher crude mean values of body weight and weight gain of natural menopausal women. It is also possible that later onset of menopause and the increased weight gain may share the same underlying determinants such as hormones or that a higher premenopausal weight gain or BMI may postpone the onset of menopause. It has been suggested that higher production of estrogen in adipose tissue in obese women may contribute to longer productive functioning and a later menopausal age. 40 Future studies are warranted to examine the direction of the association between menopause and weight gain and the underlying factors for both the onset of menopause and weight gain. Parity-related weight gain and a higher risk of obesity or overweight are well-documented. [13] [14] [15] [16] [41] [42] [43] [44] Various factors may contribute to the sustained postpartum weight gain, including retention of gestational weight gain, dietary and lifestyle alterations related to child-bearing and child-rearing, behavioral and genetic factors influencing fat metabolism regulation, and hormonal changes, etc. 41, 44 Wolfe et al 14 reported that parity-associated weight gain was modified by some sociodemographic and behavioral factors such as education, race, and smoking. Our study is in line with common observations that more parity and earlier age at the first birth are associated with a graded increase in body weight. The weight gain associated with reproductive factors, however, was not found to be modified by the women's education levels and menopausal status.
Finally, a slightly increased weight gain was associated with the use of intrauterine device and contraceptive shots, but not with the use of oral contraceptive. We found that no studies reported a similar association. Whether this association found in our study is only a chance finding or has underlying biologic basis will need to be evaluated by future studies.
The limitations of this study must be noted to conclude the study. The primary concern is the recall accuracy of the women's weight and height at age 20 and 50 y. Although it has been shown in several studies that the self-reported past weight 45, 46 and height 46 are considerably accurate, studies have shown that heavier people tended to underreport their weight to a greater extent than normal weight people 45 and only 41% of women estimated their past weight within 5 pounds. 46 The results concerning weight gain based on recalled past weight should be interpreted with caution. Further studies are needed to clarify the associations of weight gain with lifestyle factors suggested by this study. Several strengths of our study corroborated our findings. An extraordinarily high participation rate (92.7%) makes our data be a true representative of the general population. The big sample size enables us to obtain stable and precise estimates. Similar results obtained from different statistical methods (multiple linear regression models for Tables 2 and  4 ; multinomial logistic regression models for the estimation of odds ratios, and local regression models for Figures 1 and  2 ) solidified the conclusion of the study. In summary, we found that both the weight gain and WHR increased with age before the age of 55 y in both pre-and postmenopausal women and then the weight gain declined but WHR continued rising as aging among postmenopausal women. Lower education levels, more parity and earlier age at the first birth, and earlier menarcheal age were associated with a higher long-term weight gain and current body weight. The direction and underlying mechanism of the association between weight gain, BMI, and menopause need to be evaluated by future studies.
